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Abstract 
The traditional design of environment monitoring system is based on cable transmission, with the disadvantages of 
deployment difficulty, high costs, poor stability and accuracy. Wireless Sensor Network (WSN) and Mobile Agent 
(MA) technology can effectively solve these problems. In this paper, we present a new scheme of environment 
monitoring system. Our method can monitor indoor environments automatically and alarm abnormal situations in 
time. The proposed method has been applied in a company and greatly improves the level of management efficiency. 
© 2011 Published by Elsevier Ltd.  
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1. Introduction 
With the rapid development of information technology, computer networks play more important roles. 
As an important component of computer network, equipment rooms involve a large number of computers, 
servers, UPS, air conditioners and other equipments, which have high requirements for running 
environment such as temperature, humidity and electric power. The efficiency of traditional equipment 
room management is low and managing staffs are always not able to detect and locate equipment 
deficiency immediately which may lead to a network failure. Therefore, the construction of modern 
equipment room system must be in accordance with national standards and specific needs. Thus, an 
environment monitoring system is needed to protect the equipments, generate the alarms, locate the faults 
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and resolve the problems in time in order to control the environment of the equipment room efficiently 
and effectively. The reliability of equipment room system is directly related to the performance of 
network. Now most existing environment monitoring systems are based on cable transmitted with the 
disadvantage of high cost, difficulty disposition, poor stability and difficulty fault location.  
Wireless Sensor Network (WSN) is one of hottest technologies in wireless communication field. It 
combines sensor technology, embed computer technology, modern networks and wireless 
communications. WSN consists of a large amount of micro sensor nodes deployed in monitored region 
with the ability of wireless transition, calculation. Often, its network structures are self-organization 
structures. Mobile Agent (MA) is a kind of program which is able to execute commands autonomously 
and transport itself from one to another. This ability allows MA to move to a system containing an object, 
with which MA wants to interact, and then to take advantage of being in the same host or network of the 
object.
In this research, we have designed an integrated framework of intelligent environment monitoring 
system for equipment room based on WSN and MA technology. The framework uses sensor nodes to 
collect environment parameters of equipments and send them with wireless communication networks. The 
mobile agent technology is used to deal with the real-time data from the sensor nodes. The system can 
monitor the environment information in equipment rooms, detect problems immediately, reduce manual 
operations and improve management efficiency. 
2. Related works 
2.1. WSN technology 
WSN is a distributed intelligent network which is consisted of many low cost sensor nodes scattered in 
the monitored area. Integrated sensor nodes can inspect, collect, process and transmit data of perceivable 
objects within the monitored region by perceiving and controlling parameters. These nodes can monitor 
the environmental factors including temperature, humidity, electric power, pressure, etc.  
The sensor nodes have many specific features: densely distributing in working field with random 
location and self-organization ability; locally processing data collected from physical world; adaptively 
collaborating with other nodes for data routing and transmission. All these advantages enable the wide 
use of wireless sensor networks in both surveillance [1] and civil applications [2-4], such as medical 
nursing, environment monitoring, military fields, smart home and so on. 
According to Ref [5,6], each of scattered sensor nodes collects data and routes data back to the end 
users by a multi-hop infrastructureless architecture through the sink node. The protocol stack used by 
nodes combines power and routing awareness, integrates data with networking protocols, communicates 
power efficiently through the wireless media, and promotes cooperative efforts of sensor nodes. The 
protocol stack consists of the application layer, transport layer, network layer, data link layer, physical 
layer, power management plane, mobility management plane, and task management plane. Ref [6] also 
lists some research projects which are engaged in developing the technologies need from different layers.  
2.2. Mobile agent technology 
Agent-based systems [7] represent a new software technology that has emerged from merging two 
technologies, namely, artificial intelligence (AI) and object-oriented distributed computing. Franklin and 
Graesser propose a formal definition agent and describe the difference between an agent and an ordinary 
computer program in [8]. Lange listed seven good reasons to use mobile agents in Ref [9] including 
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reducing the flow of data in the network, overcoming network latency, robust and fault-tolerant 
performance, etc. Ref [10]-[16] describe several applications to show the benefits of mobile agents.  
3. System architecture 
In this section, we illustrate a design of a construction of environment monitoring system for 
equipment room. The system consists of wireless sensor network layer, control layer and application layer, 
as shown in Fig. 1.  
In Wireless sensor network layer, the sensor nodes are deployed in rooms and cabinets to collect 
information such as temperature, water leakages and electric power. That information are gathered in sink 
node and sent to the control layer.  
In control layer, there are an application server and a database server. On the application server, there 
runs control program which can obtain the information from the sink node. After processing and 
analyzing the information, the program stores them to the database server. At the same time, the system 
provides a variety of services to its users such as showing the real-time data and providing history data to 
the manager via the wire LAN. If the abnormal situation appears, e.g. the too high temperature, the 
control program would send an alarm message to manage staff’s telephone immediately.  
The application layer is a platform interacting with the users. For example, the management staff can 
monitor real-time environmental data and request services in this layer. If an alarm is sent by control 
program, the management staff can receive the warning information instantly. Meanwhile, the users may 
send orders to wireless sensor network in this layer, e.g. querying the temperature of a cabinet. 
Fig.1. The scheme of environment monitoring system for equipment room;  Fig.2 The operation process on UbiCell
4. Design and Implementation 
4.1. The design and implementation of wireless sensor node 
The wireless sensor network layer is the lowest layer in this system as shown in Fig.1. Sensor nodes 
are deployed at the corner of rooms. Each node takes physical measures of its environment and then, 
these measures are transmitted by the radio. In this case, we use UbiCell node, which is designed by 
Nanjing University of Posts and Telecommunications, as sensor node. The UbiCell platform employs an 
Atmega128L as its cpu, which can work reliably and stably. At 7.3728MHz clock rate, the instruction 
period can reach 135.6ns. Using CC1000 as the transceiver, the chip can provide an effective and reliable 
data rate of 76.8KBaud/s. Fig.2 shows the operation process on UbiCell node. 
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4.2. The design and implementation of protocol 
Each sensor node has the capabilities to collect data and route data back to the sink. So, there is a 
synchronization and communication process that is controlled by the protocols. According to the research 
of section 2, there are some main algorithms for protocol stack. Considerable of the scene, we choose 
ZigBee (IEEE 802.15.4 standard) as our communication protocol on the UbiCell nodes. Then we choose 
a data-centric routing algorithm. Directed diffusion [17] has been proposed as a data gathering protocol. It 
targets the monitoring of events which are typically sensed only by a few nodes. A sensing task is 
disseminated throughout the sensor network as an interest. Nodes producing relevant information 
response and data paths are formed. 
4.3. The design and implementation of mobile agent 
In the scene of this system, the network management staff can receive the data collected by sensor 
nodes on the basis of the protocol and algorithm introduced in section 4.2. Sensor nodes monitor the 
environmental parameter continuously and route them back immediately so as to guarantee a real time 
data transference. But as the number of sensor nodes grows, the data flow in the network increases 
significantly. For a single node, the result is that node dying much more rapidly. Meanwhile, for the entire 
wireless sensor network, the result is heavy network traffic. However, the problem could not be solved by 
reducing the frequency of data transmission, otherwise the network manager would not detect the 
environmental problems in time. To resolve this conflict the mobile agent technology is introduced into 
this system. 
According to the introduction of section 2, in the context of WSN, mobile agents can be programmed 
to access both their own data and the sensor node data. They autonomously read sensor values, send 
messages, and migrate from one node to another. In this case, the sink node will dispatch mobile agent to 
sensor nodes. And the directed diffusion routing protocol mentioned in section 4.2 is used as the dispatch 
routing protocol. Fig.3 outlines the process of the mobile agent and its relationship with its dispatcher. 
Fig.3 the process of the mobile agent and its relationship with its dispatcher  
Let the sink node represent a certain processing element that is in charge of the monitoring area. Let 
{MA1,…,MAi,…,MAn} represent a group of n mobile agents dispatched by the sink node. Once 
dispatched with task, MAi begin collecting the data on sensor node i. If the monitoring data reach the 
alarm conditions, MAi carry this alarm routing back to the sink node immediately. If not, MAi integrate 
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the data and bring that information and migrate to the next hop. While the next hop is the sink node, it 
means that MAi itinerary is successful. After that, data on sensor nodes are purposefully integrated 
according to the MAi. We implement this algorithm on Agilla, which provided a mobile-agent-based 
paradigm for programming within wireless sensor networks. 
4.4. The design and implementation of service application program 
On the basis of the implementation of wireless sensor network layer, the monitoring information is 
gathered by the sink node and delivered to the end user on intranet. Then, those data are stored in 
database server by the service application program. Often, typical user queries are: historical queries, 
snapshot queries, and long-running queries. So, the program should consist of the following functions: 
querying real-time environmental information of the room, setting the alarm thresholds, reviewing of 
critical or atypical measures acquisition, querying and analysis historical data and viewing in a chart, etc. 
Meanwhile, if the abnormal situation appears, for instance too high temperature, the system acquires the 
alarm information and actively feedback the abnormal temperature to the management staff, then request 
him to handle the abnormal situation. Object oriented design method is used in the program. Fig.4 is the 
design of package diagram. Fig.5 is the design of sequence diagram.  
Monitor system
subsystem of 
user interface
subsystem of 
data acquisition
subsystem of 
WSN
acquisit 
monitor 
information
manage
external 
communications
wireless
Sensor
network
Fig.4 the design of package diagram;               Fig.5 the design of sequence structure 
5. Conclusion 
In this research, an environment monitoring system based on WSN and MA technology is developed 
successfully. The system has been used and tested in a company for months. The improvement of 
management efficiency has been noticed. Especially, the proposed system architecture brings the 
following benefits: 
(1) Using WSN technology to monitor the environment helps solve the problems of deployment 
difficulty, high costs, and realizes unmanned monitoring.  
(2) Mobile agents reduce network data flow and latency, resulting in a robust and fault-tolerant system.  
(3) Embedding mobile agents in WSN can extend node’s life cycle and balance the entire network load 
without the cost of network delay. 
Future work will focus on the security issues of this system. 
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